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HELD OB Tug nrowmB 

Tta «"""" "»—« is directed te an improved method for producing by recombinant 
~ f~ «-"■«—«■«-»« -re subunits; more generally, i, is apphcaWe to me 
tmtphnc^on and subsequent expression of any chimeric DNA mofecUe ma, results from the 
ligation of two or more non-contiguous pieces of DNA. 



BACKCROlnvn nv JjjvgtjnQM 

™ e «P^°»°<^ionpmteinsiswe B Kuo™^^ 

PUWiCMi0n5: EP "* 694, EP " 2 ° 290 ' US ' 4898830> US - 54521 "- EP - 
The manuficuue of mcombinan, pmtetas of interns, (e.g„ human) in suitable expmssion 
^sterns ts one of me nmin indusftia, apphcadon, of recombinan, DNA technology. If as ia often 
me case, me protein is tmstabte in me hos, cell, i, may be advantageous ,o manufcle l ^Z 

suosetlT fcSi ° n C ° n,PriSing * <" »— ^ be 

subsequentty proceed a, a specific predetemuned she in order * ftee me desired protein 

facilitate tT*Z T" "* ,Mldn8 **" PIO,ei,,S h to ta — — »-* -d/or fo 
fic htete me punficabon process by me selecdon of suifable po.ypep.ide sequences arm aftachmen, 

of one or more of such sequences ,o die amino- or carboxy-termma, ends of fhe polypeptide or 
pmtem of mterest A ftumer mason for expressing a fhsion protein migh, be JJZ* Z 
charactermmg features of fwo or more differen, proteins or subunite in a smg,e cnain, thus providing 
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a higher activity/dose ratio of the protein itself, and/or avoiding the extra steps to obtain ligation of 
two subunits. One of the classical problems associated with the expression of recombinant proteins 
is that of obtaining a valuable and reliable source of the nucleic acid to be expressed. 

One way of addressing this problem is to use an mRNA coding for the protein to be 
expressed, mRNA is however not always easily found under natural conditions. For example, in the 
case of beta-chain human follicle stimulating hormone (FSH), the corresponding mRNA can be 
found only in human pituitary cells and only in minute quantities. To be useable, this mRNA must 
be taken from the human pituitary cells immediately after death. 

An alternative is to obtain the coding sequences of interest from genomic DNA. This is 
however a cumbersome and time consuming process as often, large amounts of unwanted DNA 
material are present in the initial sample which increases the probability of mutations and other 
errors. The need therefore still exists for an improved process for generating nucleic acid sequences 
to be used for expressing polypeptides, and in particular for generating nucleic acid sequences to be 
used for expression of heterologous recombinant fusion polypeptides. 

SUMMARY OF THF TNVTrivrrmivr 

The present inventors have now found a method that permits the expression of proteins and' 
fasten proteins starting from genomic DNA without at least one of the foregoing disadvantages 
associatedwithknownmethods. This new memodology offers a novel approach to the production of 
recombinant proteins: the present methodology makes it possible to Ugate and amplify encoding 
pieces of DNA at the desired positions without the use of restriction enzyme, This means that it is 
possible to use only the exact encoding regions of a desired DNA (i.e. without introns) thus avoiding 
sphcmg and/or reducing the formation of non desired amplicons. 

An example of the advantages of this new methodology is represented by the expression of 
the human beta FSH. The gene expressing human beta FSH is over 1500 bases long whereas the 
corresponding coding region is only 390 bases long. According to the present methodology it is 
possible to construct an expression construct containing the correct 390 bases DNA sequence 
without having to use the 1500 bases of the entire gene. It is thus possible to eliminate 1110 extra 
bases of unwanted and possibly problem causing DNA without using restriction enzymes and 
without going through the extra steps of isolating mRNA, and generating cDNA The present 
invention is thus expedient, inexpensive and less error prone. 
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WW. the ^ Methodology i, is a.so possible and relatively staple to design 
molecules of DNA expressing the characteristics of two dirTerenr proteins M protein 
sutgle oham or evert expressing only portions of a particular protein responsibte for its activity For 
oxamp.e .. ts possible te express a new'protein having FSH activity as weH as LH activity. ^ 
words, ., ,s posstble to creale new proteins with additional increased or otherwise modified active 

wdd-ty,* ptoten, m order to obtain a smaller polypeptide endowed with the same or stailar activity 
due to ,ts lo wer aze, me new po.ypeptide migh, thus be adtanistered to a patien, by differs, 
—not. routes titan the wild-type protein (i, by iuhalation ornans^H 
t—osally ratter man by injection) or possess other advantages such aa increase yield durit! 
recombmant production of the therapeutic protein. g 

p K s e „,mel!! b T m 7 PPareM *° *-W and iron, the examples, the 

present ntetitod ,s baaed on a series of PCR antpUfication stepa which are initially carried on, on two 
not^conttg^us DNA segment X, and X2 which are thua fused togemer The thuT ohr H 
Dolvnuclpntirip. /Yivi\ ■ ^ . wgcmer. me thus obtained 

«rZtiT I »-—-•»• ^<*.e expression vector to express the deaired 

no^l m T-T* ° r ^ ~*« *> *«"» — *■ The 

polypepnde may be a fitston po.ypeptide, or a polypeptide identical » a protein tha, is nahunny 

Produced by transition of a cDNA of po.ynuCeotide etetnents XI and ^ where X. STl 

Z™^^'^*"*^™*- — — • Polypepn^til 
tit. scope of the tnvennon tnclnde dual-activity polypeptides, snch as luteinizing hormone-tblticle 
attnulanng n^one (LH-FSH) or singie polypeptide, pr„po,ypeptide, or „JLp-T« 
ftc mantre protein is la, FSH, thyroid sttatdating hormone (TSH), chorionic gonl^c^ 
any other active polypeptide. "ooooptn (t.t,;, or 

In aether aspe«, tite present invention is directed to a chimeric Micle stitntdating hormone 
ffSH) polypepttde having FSH activity bu, comprising, tostead of two separate poIyp^Zs 
Westgnated a and , in the native ntotecme), a sing!e firsion polynuokoodl^ ^ tZ 

rermea AB-FSH, and has been shown to possess FSH activity tm ^ 

honnon^titecontpteteprotein is encoded in a sing* vector and expressen fiom a singie pron2 
The metttod alloes for easy purification of an active stable AB F<!H a ■ ' 
iaolatedbett-FSHand/oralpha-FSHchains. ^ P ' 0tem ' *" lta " 
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Preferably, AB-FSH is expressed with the signal sequence for the a-chain to direct secretion 
of the fusion protein out of the expressing cell and facilitate its subsequent purification. The signal 
sequence would be cleaved off in post-translational modification. Alternately, the signal sequence of 
the 6 chain can be used 5' to the a chain, or the signal sequence of the or chain can be used 5' to the B 
chain. 



' BRIEF DES CRIPTION r>F THE DRAWINGS 

Figure 1 is a schematic representation of two pieces of starting material (double-stranded 
polynucleotide segments) and the associated primers used in the initial PGR reactions to amplify 
sta^g material, PFX1 is a forward PCR primer for Exon 1;PRX1 is a reverse PGR primer for Exon 
1; OH and "HO" represent 3' terminal hydroxy groups of the double stranded DNA; PFX2 is a 
forward PCR primer for Exon 2; and PRX2 is a reverse PCR primer for Exon 2. 

Figure 2 is a schematic representation of the PCR step to generate an intermediate PCR product 
» wmch a portion of the 5' end of X2 is added to the 3' end of the XI to make X1UR or a portion of 
thejendofmexnsaddedtome^ 

made by combining the PRX1 primer sequence with the complementary sequence of the PFX2 primer 
CPFX20;andPRXr-P^ 

of the PRX1 primer (PRX1 >) with the PFX2 primer sequence. 

• Figure 3 is a schematic representation of the third PCR reaction step, which illustrates the steps 
of denaturahon of the intermediate product X1TJR and the X2 starting material, followed by annealing 
to form a mix of Species A and Species B, followed by extension in which Species A forms X1X2 by 
-3' polymerization and Species B forms X1X2 by simultaneous 5'-3' polymerization and 5'-3« 
exonuclease activity. X1X2 is then further amplified in subsequent rounds of denaturation, annealing 
and extension. Note that an equivalent mechanism would result in the formation of the X1X2 species 
from XI and DRX2 templates using primers PFX1 and PRX2. 
In Figure 3, the symbol: 

• represents Taq DNA polymerase; 

indicates the directionality of Taq DNA polymerase processivity; and 

ONA^I^^ 
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Figure 4 is a photograph of an agarose gel showing the successful PCR amplification of the XI 
heta-FSH PCR product (lane .2), the X2 beta-FSH PCR product (lane 3), and the X1X2 heta-FSH PCR 
product (lane 4). Lane 1 is fire 0X/Hinc U MK13a (HT Biotechnology Ltd, Cambridge, UK) 
molecular weight markers. 

„ H8 ° re S ' S 3 ph< *° 8ra,,h of m °*>™° «*' *°™8 *= successful PCR amplification of the S- 
FSH-B PCR product (lane 2), the glycalA RT-PCR product (lane 3), and the AB-FSH (tupha-bete- 
FSH) PCR product (iane 4). Lane 1 is .he 0»Hinc n MK13a (HT Biotechnology Ltd., Cambridge, 
UK) molecular weight markers. 

PETATT .qn DESCRlPTmN OF jm INVENTION 

fn accordance with me present tavenfion mere may be employed conventional modular 
brofogy, rmcrobiology, and recombinant DNA techniques within the skiU of the art. Such techniques 
are , explained fiuly in the fiferature. See, , g ., Sambrook, Frifsch & ManiaBs, M,W»r Con/,,,, * 
Wo*,,, Jfct Second Edition (1989) Cold Spring Harbor Laboratory Press, Cofd Spring Harbor 
New York (herein "Sambrook * al, 1989"); Dm Cloning: A PraCcc, A PP roacH. Volnmes , mi n 
OXK Glover ed. 1985); OligonucleoUae Syndesis (M.L Gai, ed. 1984); NucUtc Ac* Hybrid 

1 '^Z ! f 88 "* * (l985)1: """»**• ^ P- 0 ' a— * S-T. ffiggins. 

Press, (1986)]; B. Perbai, ^ ^ r „ Molecular ^ ^ pjfc ^ & ^ 

Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994). 

Definitions 

"AmpUficanon" of DNA as used herein denote, the use of polymerase chain reaction (PCR) fo 
■ncrense me conc^ntranon of a particular DNA sequence wifhin a mixture of DNA sequences For a 
description of PCR see Saiki et aL t Science 1988, 239:487. 

The term "gene" means a DNA sequence tha, codes for or corresponds te a particular sequence 
of ammo aerds which comprise all or par, of one or mom proteins or enzymes, which DNA sequence 
may or may no, include regulatory DNA sequences (such as pmmoter sequences) aM unlisted 
sequences (such as the 5' undated region, 3' urtransMed region, and inarms). .Some genes, which 
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are not structural genes, may be transcribed from DNA to RNA, but are not translated into an amino 
acid sequence. 

In discussing the structure of particular double-stranded DNA molecules, sequences may be 
descnbed herein according to the normal convention of defining the sequence in the 5' to 3' direction 
along the nontranscribed strand of DNA the strand having a sequence homologous to the 
transcribed mRNA, also known as the sense strand or the "forward" strand). The organization of other 
DNA sequences relative to the particular double-stranded DNA molecule may be described herein 
accorchng to the normal convention wherein sequences at the 5' end of the particular double-stranded 
DNA are "upstream" sequences (UR), and sequences at the y end of the particular double-stranded 
DNA are "downstream" (DR) sequences. Note however, that the present method is valid for the 
amplification of bom the reference sense ("forward") strand and of its complementary antisense (or 
"reverse 5 ') strand. 

In discussing the structure of a particular single stranded polynucleotide (such as an 
ohgonucleotide PGR primer or an isolated strand of a double stranded DNA molecule), sequences are 
described herein according to the normal convention of defining the sequence in the 5' to 3' direction 
which 5> end represents the terminal phosphate end of said single stranded polynucleotide and which 3' 
end represents the terminal hydroxy end of said single stranded polynucleotide. Ih particular a 
•forward" primer is an oligonucleotide which hybridizes to the 3' end of the antisense (or "reverse") 
strand in order to direct 5*-3» polymerization of the complementary sense (or "forward" strand) 
Conversely, a "reverse" primer is an oligonucleotide which hybridizes to the 3* end of the sense (or 
•forward") strand in order to direct 5>-3* polymerization of the complementary antisense (or "reverse") 
strand. J 

By -expression constinct", "expression vector- or "construe," is meant a nucleic acid sequence 
compnsing a targe, nucleic acid sequence or sequences whose expression is desired, operably Hnked «o 
sequence dements which provide for tire proper transcription and translation of tire terge, nucleic acid 
sequence® wiflun tire chosen hos, cells. Such sequence element may include, for example a 
promoter, a signal sequence tor secretion, and polyadenylation signal. The expression coustiucf • 
expression vector" or "constiucf - flnrner comprises "vector sequences". By "vector sequences" is 
mean, any of several nncleic acid sequences established in tire art which have utility in tire recombinant ■ 

ttctaoI °8 i « »f - Mention to fccimate fl» cloning and propagation of me expression 
cnamrcB inchrding (bu, no, limited to) plasmids, cosmids, phage veotors, viral vectors, and yeas, 
arnfical chromosomes. The expression consmrcls of.be invention can be inn-educed into a hos, cell, 
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so as to transform the host and promote expression (e.g. transcription and translation) of the introduced 
target nucleic acid sequence, 

A "promoter" or "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiating transcription of a downstream (3' direction) coding sequence For 
purposes of defining the present invention, the promoter sequence is bounded at its 3' terminus by the 
transcription initiation site and extends upstream (5« direction) to include the minimum number of bases 
or elements necessary to initiate transcription at levels detectable above background. Within the 
promoter sequence will be found a transcription initiation site (conveniently defined for example by 
mappmg with nuclease SI), as well as protein binding domains (consensus sequences) responsible' for 
the bmdmg of RNA polymerase. The promoter may be operatively associated with other expression 
control sequences, including enhancer and repressor sequences. 

A sequence "encoding" an expression product, such as a RNA, polypeptide, protein, or enzyme, 
is a nucleotide sequence that, when expressed, results in the production of that RNA, polypeptide 
protein, or enzyme, i.e., the nucleotide sequence encodes an amino acid sequence for that polypeptide' 
protein or enzyme. A coding sequence for a protein may include a start codon (usually ATG) and a 
stop codon. 

By "ho* cell" is meant a cell which has been transfected o, transformed with one or more 
expression constructs of foe invention. Such host cells include prokaryodc and eukaryodc cells 
Preferred eukaryotic cells for use in foe present invention are in vi.ro cultured mammalian colls, such 
as COS cells and CHO cells. The term host cells also encompasses transformed cells fonnd in vivo 
such as in a transgenic mammal. 

By • Wection" or "uansformation" is meant foe process of introducing one or more of foe 
expression constructs of the invention into a host oeU by any of foe methods wel. established in the ar, 
mcludmg (bn, no, limited to) mieromjecdon, electroporanon, liposome-mediated tranrfecoon, calcium 
Phosphate-mediated transfecdon, or vims-mediated transfeotfon. A host cell into which an expression 
construct of foe invention has beon introduced by hnnsfection or transformauon is ■ Wfected" or 
transformed". 

Amplification of the c himeric polynucleotide XI X> 

nr,™ ^ Pr6Sent inVent ° rS W diSC ° Vered a meth ° d f ° r "M** a chime - Polynucleotide 
(X1X2) comprising two non-contiguous nucleotide segments of interest, XI and X2. fa one 

embodiment, the XI and X2 sequences are derived from sequences that encode distinct proteins, 
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such that the X1X2 sequence encodes a fusion protein. In another embodiment, the XI and X2 
sequences are derived from sequences that encode a single protein. For example, XI and X2 may 
represent the sequences of two exons of a gene, which are not adjacent in the genomic sequence of 
the gene (e.g. due to separation by introns or possibly other exons or a portion of an exon), but which 
are adjacent in the transcribed mRNA of the gene (e.g. due to splicing to remove intervening 
sequences). In this case, the method of the present invention allows for the direct production of the 
jomed X1X2 sequence, wherein X2 is immediately y to XI, without the necessity of isolating 
spbced RNA, making cDNA, or performing complex restriction digestion and ligation of genomic 
DNA sequences. 

The two nucleotide segments of interest, XI and X2, can be obtained from a nucleic acid 
mixture comprising a nucleic acid molecule which includes XI and a nucleic acid molecule which 
includes X2. Alternatively, the two nucleotide segments of interest, XI and X2, are included in the 
same nucleic acid molecule but they are not contiguous. For example, the nucleic acid molecule may 
be genomic DNA. Preferably, the nucleic acid molecules are be derived from a mammal, particularly a 
human. J 

In one embodiment of the present invention, the method comprises four different PGR 



reactions: 



In foe finn reaction a first nucleic acid segment XI is made and ampimedwifo a first primer set 
winch prnner set comprises (i) a firs, primer, PPX1 (which stands for "primer forward for XI") thai 
hybndizes to the 3' end of one sfrand of foe X! science and (ii) a second primer. PRX! (which sfonds 
for pnmer reverse for XI") that hybrifhses to 3' end of foe complementary strand of foe XI sequence 
(Ftgure 1). Tie amplified XI PCR pmduc. may be isolated by any suitable method (as described for 
example, in "Molecular Cloning: A Laboratory Manual." 2" Edition. Sambrook, « aL Cold Spring 
Harhor Laboratory: 1989. "A Practice. Guide to Molecular Cloning" PerbaU984, and "Current 
Promcols in Molecular Biology- Ausubel, « at., eds. John Wiley & Sons:19 8 9; commercially 
available kits include, e.g.. foe QIAquick PCR Purification Ki, and foe QIAEX n Gel Extraction Kit 
both from Qiagen) ' 

In the second reaction, a second nucleic acid segment X2 is made and amplified with a second 
prnner set, which second primer se, comprises (i) a second forward primer, PFX2, font hybridizes to 
foe 3 end of one strand of foe X2 seqoence and (ii) a second reverse primer. PRX2, that hybridize, to 
foe 3 end of foe complementary strand of foe X2 sequence. The amplified X2 product can be isolated 
or purified using any suitable method. 
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am V« * reaCa ° n ^ * " in,amediate m ° leCUle X1UR OT DRX2 fe - 

ampUfied. X1UR comprises the entire to, nucleic acid segment of XI end a relatively small 5. 

*Smen, of X2, wherein ft. 3- end o,Xl is fused * ft e 5- segment of X2. DRX2 comprises fte entire 

fire, nucleic acid segment of X2 and a redely amaU 3- segment of X., whetein fte 5' end of X2 „ 

fosed » fte 3' aegmen, of XI. Ma step is carted on. with a ftird primer set. For X1UR, ft e ftw 

prmtcr se, comprises (i) PFX1 and (ii) a fosion primer PKXLPFX2-, which fusion primer has fte 

PFX2 (debated as PFX2 ), For DRX2, fte ftird pritner ae. emprises (i) a fhs.cn priml PRX1, 

MnT/T T W ""^ ° f ^ """" ° f PRX1 Cdcsignated aa 

PRX1 ) anached ft fte 5- end of fte forwara primer PFX2, and (ii) fte primer PRX2. Eifter 
intenueftate can be isolated or purified using any suitable method. ' 

Jn fte fourft reaction (Figure 3), fte desired polynucleotide X1X2 is finally made and 
~ ™* « °* - «* —iaily available aoLTof T ^ 

DNA polymerase, fte Tab enzyme possesses both » DNA polymerase activity and «• exonucleaae 
achvity at certain temperatures. exonuciease 

In one embodiment of ftia fourth reaction, fte following reagents are used: the X1UR amplified 
Praduc, fte xa amplified product and fte primers PFX, and PRX , m this reacric, bo™ ^ 

two species of significance here: Species A and Species B. 

Species A consiaa of fte forward (5'-3') strand of X1UR and fte reverse (3'-5') atrand of X2 
r:\ to °7f — --^'-'---deriveds.uences o^ re^X £ 
and fte 3 end of fte reveree strand of X2. Alftough neifter primer binds to Species A fte 2 

™xT *~ fte 3 ' Mds of fte — — "*°» * — - *~ — 

Speoies B »*>**> <**> ™«» C3--5-) sunnd of X1UR and ft. forward (5--3D strand of X2 

and fte 5 end of fte forward strand of X2. Boft primers bind ft ftis species. The 3- ends of fte 
annealed primers are then extended by fte 5'-3- polymerase activity of fte Ta, polymerase Boft 

die -3 ftrectton, fte original annea,ed atrand (reverse of X1UR or forward of X2) is removed by fte 
5 -3 exonuc ease activity of fte Taq polymerase. In ofter words, there win be no "m*- in fte sLd 
where fte extent product of PRX2 .meets" fte y of fte reverse ^ ofxlUR J 
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htt« will be removed by the Ta, eiuyme, while the (newly synthesized) forwind strsnd of X1X2 will 
serve as a template for the remainder of the extension product of PRX2 ,o be built Tne same process 
- a, work .o result in me full forward shand of X.X2: when the extension product of primer PRX, 

ZT / I"' ^ ^ ° f ^ * — * ~ * - ^ ™ while^ 
(new,y synmes.ed) reverse strand of X.X2 will serve as a temp,a«e for me remainder of the extension 
product of PFX1 to be built. =*icnsion 

In an alternate embodiment of mis fourth reaction, the following reagents are used: the DRX2 

7™1 P T U X ' ""'^ ProdUCt> ■* PFX1 md PRX2 - * <* bout 
DRX2andXl serve as templates for PCR using primers PEX, tmdP^. This version of me fourth 
PCR reaction, wherebt annealing ,0 mm, Species A and Species B is mediated by the commentary 
X^uences of XI and me DR region of DRX2, la analogous ,„ me embodiment descrZ 
munedrately above and also encompassed by the present specification 

amo,,^ nnb ° dimen ' * ^ foUrth KaCti0,, • *" «•"*-—:*. X1UR 

Zxl 7™*: DRX2 ProdUC '- * e »*- PFXI - * «- -«on. 

ftl^ « r 8S ' emP,a,eSfOTPCRUStogPrimerSPFX1 ™» version ofmc 

PCR reaction, wherem annealing te form Species A and Species B is mediated bom by the 

*ntery X2- fences of me UR region of X 1UR and me 5 - end of the forwam s*and of X2 

Tool! 6 ""fT^ X '- Se,UeaCeS ° f XI «" *• DR °™ is analogous to me 

-^•^dirmnedUtdyaboveandalsoen^^^ 

The^TZtT r ° f ^ A " *— - necessary. 

Thete&re the fcrgomg dtrecbons * emp,oy a poiymeras. ma, also ante aa an exonuclease pertain ,0 
amphficmron of Specres B. In pmcfico. however, horn extension of Species A and Species B will taxe 

PCR rail" CT,b0dinM,,1S ° f ** ^ inVena0tt> meth ° d *- *« ^ren, 

For example, the present method doss not mquire that both (or all) of the stating DNA 
segments XI and X2 be PCR amplified or isolated. Therefore Ore W™^- , 

DRX , m .„. tneretore, the intermediate products X1UR and/or 

DRX2 may be generated duectly the primary tempbte ^nances (eg. genomic DNA or cDNA) 
without first performing a PCR to eenerate vi nr Y ? u , cwjna; 

Primer PRX1 PFX2> k 7 6Xample ' ^ PFX1 Md *■ hybrid 

pnmer PRX1-PFX2 may be used to amplify X1UR directly from genomic DNA. Similarly the 
primer PRX2 and the hybrid primer PRX1'-PFX2 mav u~ A «. similarly, the 

y pnmer ^kxi -PFX2 may be used to amplify DRX2 directly from 
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genomic DNA Starting from amplified or isolated XI and X2 sequences, however, makes the 
subsequent amplification steps more efficient 

tfhe segment X2 should be amplified or isolated when it is combined with X1UR to assemble 
the chimeric DNA molecule X1X2. Similarly, the segment XI should be amplified or isolated when it 
is combmed with DRX2 to assemble the chimeric DNA molecule X1X2. 

It will be understood that the method of the present invention may be used to further attach 
addmonal sequences (X3) to the chimeric molecule X1X2. For example, where DNA pieces X1X2 
and X3 are to be assembled into the polynucleotide X1X2X3, the segment X1X2 would also have an 
extension complementing the 5' end of X3 if the UR approach is used (as apposed to the DR approach, 
where X1X2 would be joined to the segment X3, which has an extension complementing the 3' end of 

The foregoing methods are not limited to making nucleic acid sentences that encode chimeric 
pmtems, or to assembling nucleic acid sequences that encode muM-exon proteins from genomic source 
DNA. Any two or more polynucleotide segments can be fused, including restriction fragments from 
one or more DNA mo.ecules. The foregoing metttod can be eaaily adapted to pmduce polynucleotides 
compnaing three or more noncontiguous or heterologous nucleic acid molecules, or segments of such 
molecules 

Suitable Ta, polymerases that have the combined polymeraaetaonucleuse activity are 
commercially available. See, e.g. PJU DNA polymerase (# M7741 or # M7745); m DNA po.ymerase 
9 WI01 or * M2105); Tfl DNA polymerase (* M19 45 or « M1945), a., available fmm Pmmega 
Coiporation, Madison WI, USA. 

The new.y amplified polynucleotide of inters X1X2 can thus be isolated by meana of standara 
methodotogies and can be inserted into a suitable expression system to provide expression of the 
corresponding fusion polypeptide. 

Expressio n construntx 

The expression constructs of the invention contain me amplified polynucleotide sequence 
operably finked to elements necessary for proper transcription and translation of the amplified 
sequences within the chosen host ecus, including a promoter, a translation initiation signal Cstart- 
codon), a translation termination sigma ("stop" oodon) and a polyadenylation signal. The expression 
constructs may comprise additional sequences that modify expression of the Jmplified sequence. 
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including interna, ribosome entry sites (IRES), enhancors, element8> 

sequences, and the like. 8081 

The promoter sequences may be endogenous or heterologous to the host cell, and may provide 
ubrqrutous «U. expression occurs in tbe absence of an apparent externa! stimulus and is no, eeU-tvpe 
spectflc) or ussue-specific (also known as celMype specific) expression. 

Promoters which may be used to contro! gene expression include, but am no, Umi,ed ,o 
cytomegalovnns (CMV) promotes (U.S. Patent No. 5,385,839 and No. 5,,68,062). me SV40 ear.; 
promoter regton (Benois, and Chambon, Nature .981. 290:304-310). me promo,er conteined in me I 
long tenanta! repea, o, Rous sarcoma virus (Yamamoto, e, a... Ce.. .980, 22:787-797), me herpes 

6 3^ J J ^ Se,Um0eS ° f meW1 °" **— e, a... Natom ,982. 

Proo Nafl. Acad. Sc.. USA .978. 75:3727-3731), or me tec promoter (DeBoer. e, a.., Proe NaU 
Acad Sc, USA 1983. 80:2,-25) ; see a^o -Use*, p roteim to to " 

IT^ ** (phosphogjyeero, kinase) promoter, aUcaline 

^nl^^ ^ ~ " - »~ Acad. Sei USA 

«8 . 4.483.-483 ), Ore gh^corucoid-inducible promoler prescn, m ». mouse mammary hnnor 
«» long termma, repea, (MMTV LTR; Klessig. . « Mo,. Cc„ Biol. I984 : 4:,354-!^TL ,„ ng 

ITrT^ * W - y -*- *» W«.V LT R: Weiss, RNA Tumo 

Viruses (Cold Spnng Harbor Laboratory, Cold Spring Harbor, N.Y ,985) 

nrooaJT TT" ""^^ **" """^ *" *• cloning and 

vectors, have been descnbed for repHeafion and/or expression in a vari«y of euka^uc Z 
pmkaryohc hos, cefi, Stendard vectors usefid in fire cmren, invenfion are weU known JZ m 2 
nKlude (bu, are no, fimited to, pUsnrids. cosmids, phage vectors, viral veCora. ana ^ "ficTa 

SV40 ongm of rephcauon; an ampicHUn. neomycin, or puromyoin resiatence gene for selecfion in hos, 

t. dihydrofoiste " 4Ba - 8Me> - *° *— . - J 

Pins Ore gene ofrnterest ftotenged expmssion of.be encoded .argc-mporter fbsion in in W(TO cell 
cultose may be achieved by Ore use of vector, sequences dra, allow for autonomous repHcafiToft 
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extrachromosomal construct in mammalian host cells (eg., EBNA-1 and oriP from the Epstein-Barr 
virus). 

For example, a plasmid is a common type of vector. A plasmid is generally a self-contained 
molecule of double-stranded DNA, usually of bacterial origin, that can readily accept additional foreign 
DNA and which can readily be introduced into a suitable host cell. A plasmid vector generally has one 
or more unique restriction sites suitable for inserting foreign DNA. Examples of plasmids that may be 
used for expression in prokaryotic cells include, but are not limited to, pBR322-derived plasmids 
pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived plasmids, and pUC-derived 
plasmids. 

A number of vectors exist for expression in yeast. For instance, YEP24, YJP5, YEP51 YEP52 
PYES2, and YRP17 are cloning and expression vehicles useful in the introduction of genetic constructs 
into S. cerevisiae (see, e.g., Broach, et al "Experimental Manipulation of Gene Expression » ed M 
Inouye (Academic Press:1983)). These vectors can replicate in E. coli due the presence of the P BR322 
on.andmS. due to me reph^ 

A number of expression vectors exist for expression in mammalian cells. Many of these 
vectors contain prokaryotic sequences to facilitate the propagation of the vector in bacteria, and one or 
more eukaryotic transcription regulatory sequences that cause expression in eukaryotic cells The 
pcDNAI/amp, pcDNAI/neo, P Rc/CMV, pSV2gpt, pSV2neo, pSV2-dhfr, P Tk2, pRSVneo, pMSG 
PS VT7, pko-neo, and pHyg derived vectors are examples of mammalian expression vectors suitable for 
h-ansfection of eukaryotic cells. Some of these vectors are modified by the addition of sequences from 
bactenal plasmids, such as pBR322, to facilitate replication and drug resistance selection in both 
prokaryotic and eukaryotic cell, Derivatives of viruses such as the bovine papilloma virus (BPV-1) 
or Epstein-Barr virus (pHEBo, pREP-derived and P 205) may be used for transient expression of 
protems in eukaryotic cell, A baculovirus expression system (see, e. g ., "Current Protocols in 
Modular Biology » ed, Ausubel et al (John Wiley & Sons:1992)) may also be used. Examples of 
such baculovirus expression systems include pVL-derived vectors (such as pVL1392, pVL1393 and 
PVL941), pAcUW-derived vectors (such as pAcUWl), and pBlueBac^erived vectors (such as the B- 
gal containing pBlueBac US). 

For other suitable expression systems for both prokaryotic and eukaryotic cells, as well as 
general recombinant procedures, see "Molecular Cloning A Laboratory Manual. 2"< Edition" 
Sambrook, et al (Cold Spring Harbor Laboratory Press: 1989) Chapters 16 and 17 
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The expression constructs of the invention may be transfected or transformed into eukaryotic or 
prokaryotic host cells in vitro. Preferred in vitro host cells are mammalian cell lines, such as COS cells 
and CHO cells. Protocols for in vitro culture of mammalian cells are well established in the art [see for 
example, Animal Cell Culture: A Practical Approach 3 rd Edition. J. Masters, ed. Oxford University 
Press and Basic Cell Culture T* Edition. Davis, J.M. ed. Oxford University Press (2002)] 
Techniques for transfection and transformation are well established in the art and may include 
electroporation, microinjection, liposome-mediated transfection, calcium phosphate-mediated 
transfechon, or virus-mediated transfection [see for example, Artificial self-assembling systems for 
gene delivery. Feigner, et al., eds. Oxford University Press (1996); Lebkowski, et al. Mol Cell Biol 
1988 8(10):3988-3996; "Molecular Cloning: A Laboratory Manual." 2* Sambrook, et al. Cold Spring 
Harbor Laboratory: 1989; and "Current Protocols in Molecular Biology" Ausubel, et al., eds. John 
Wiley &Sons:1989). 

Production ofbiolnoimlly 

active chimeric prntrins 
According to a preferred aspect of the invention, the present method is used to produce a 
polynucleotide X1X2 which encodes a biologically active polypeptide E1E2, wherein El is the 
polypeptide sequence encoded by XI and E2 is the polypeptide sequence encoded by X2. 

According to another aspect of the present invention the two nucleotide segments XI and X2 
are two exons which are both present in the human genome and wherein each encodes one of two 
fragments of a biologically active protein. 

In one example, XI and X2 encode the two exons of the beta subunit of FSH. 
In another example, Xl and X2 encode two subunits of a multi-subunit protein, the alpha- 
subunit and beta-subunit of FSH. Therefore, according to a further aspect of the present invention the 
polynucleotide (X1X2) encodes a single polypeptide having the activity of chorionic gonadotropin 
(CG), luteinizing hormone (LH), follicle stimulating hormone (FSH) or thyroid stimulating hormone 
(TSH); or encodes a single polypeptide having the activity of more than one of these hormones (e g 
activity of both LH and FSH). 

Alternatively, the polynucleotide (X1X2) may encode a pre-protein E1E2, wherein the segment 
El represents a fusion partner, as for instance a signal sequence, and E2 is a biologically active mature 
polypeptide. The signal sequence may be the natural signal sequence of E2 or a different signal 
sequence. The objective would be to facilitate secretion of the mature E2. 
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For example we m produce the 0 subuni, of FSH consisting of segments XI ad X2 
Alternatively, we can produce any other chimeric polypeptide by using heterologous segmente of DNA 
fcsed together. So the chimeric protein win have properties of both the commute* polypeptides New 
and unique molecules can thus be generated. 

• *" " * aPParen, ta "» «— to the expression ofth. beta-subuni, of 

hFSH and to the expression of a chimeric protein containing both the alpha and beta subunits of FSH 
Ctenned AB-FSH), the memod according to the present invention can be earned out using any two (or 
more) non contiguous DNA segments. If additional segments are used, additional PCR steps wffl be 
necessary, as a person of ordinary skill will readily appreciate. 

Examples 

The present invemion is next described by M of the Mowing examples. However, the use 
offcese and other examptes anywhere in the specification is illustrative only, and in no way limits the 
scope and meamng of the invention or of any exemplitied form. Likewise, the invention is no, limited 
to any p^cular prefer embodiments described herein. Indeed, many modifications and variations 

^ to ta — Ms . -1 can be 

m*te wrthou, departing fiom its spirit and scop. The invention is therefme to be United only by me 

tonus of the appended dam*, along whh the m U scope of equivalents to which the claims are ell. 

Example 1: Assembly of beta-FSH expression constructs 
_ using a novel PCR methodology 

A -""IZT ° f ^ gen ° m!C * e " "*-« ° f FSH is a, Genba.dc 

Access™ * AH003 599 . ^ cDNA sequence of me 0 subuni, of human flH is SEQ ID NOl ^ 
signal sequence is depicted as SEO ID NO- 2 n»™ i v.. «. 

seouence SEO TO MO a Se,UenCe SEQ 10 N0: 3; Bm » 2 >•» *« 

^quence SEQ ID NO: 4. The conesponding amino acid sequence of human 0-FSH is at SEQ ID NO- 

1" I *° " e ^ ~ ' FSH ta t^arious polymorphs of which me present example produces only 
one. However,anyomerpolymorphcou.dhavebeene«ilyproducedby m epresen,memod. 

A PCR amplification of tWa-Eft. ! encndin R .-gy^--, 



/solution o„rf a^ion of too Dm segmena eacH encode one of too axons ofoaa-FSH 



( 
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Hun^, geoonao DNA «. exited from SO* of M Wo od using the Nude. Spin B,oo4 
Que* b , (Macheroy-Nagei GmBHA Co.). ^ iaolated DNA waa to disced m I0 0 u. of TB 

reactions (5ul genomic DNA solution perPCR reaction). 

The first PGR reaction was performed using primers specific for exon 1 of beta-FSH The 
forward primer PFX! with the sequence (SEQ ID NO: 7) 5'-ATG AAG ACA CTC CAG TTT TTC 
C " 3 COires P° nds to * segment from position 40 to position 64 in SEQ ID NO: 1 The reverse 
Pnmer PRX1 with the sequence (SEQ ID NO: 8) S'-CCT GGT GTA GCA GTA GCC A^T 
corre^onds to the complement of the segment from position 198 to position 178 of SEQ ID NO- 1 
This PCR reaction amplifies the product XI, as illustrated at Figure 1, left scheme. 

The second PGR reaction was performed using primers specific for exon 2 of beta-FSH The 
forward pnmer PFX2 with the sequence (SEQ ID NO: 9)5'-GATCTGGTGTATAAGGACCCA3> 

PrT"! T " fr ° m POSiti ° n 40 P0Siti ° n 219 ° f SEQ ^ NO = *• Th * -erse primer 
PRX2 wx* the sequence (SEQ ID NO: 10) 5>-TTA TTC TTT CAT TTC ACC AAA GG-3' 

corre^onds to the complement of the segment from position 429 to position 407 of SEQ ID NO- 1 
ThasPCRreachonamphfiesmep^ * °" 

d th independent PCR reaction contained 5 ul human genomic DNA solution as the template 
and the following additional reagents: opiate, 

1. ^MllOXPCRBurYer^eimophilicDNAPolymeraselOxBuflfer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 ul 25 mmolMgCl 2 

3. 5 ul dNTPs stock solution containing 10 /unol each of dATP, dTTP, dCTP 
and dGTP. 

4. lul of lOOpmol/ul forward primer stock dilution 

5. 1 ul of lOOpmol/ul reverse primer stock dilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65ulH 2 0. 

Cycling parameters were as follows: initial denaturation for 2 min at 95°C 30 cycles of 

at 72 C, and a final extensum for 5 min at 72°C. Cycling was performed using a PTC- 100™ 
programmable T^O^QB,^^.^^^ ~* TO 100 
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A^incanon of the XI and X2 products (beta-FSH exon 1 and axon 2 segments, Kspeaiv6ly) 
by each PCR was confirmed by agarose go, (2% in TAE buffer) ..ecfrophoresis ftr 30 mm I 125m A 
using .he DNA Mo.ecu.ar Waigb, Marker 0X/Hinc n MK13a (HT Bio.aonno.ogy Ltd.. Cambridge 
^asc^nao.aou.ar.aigb.rnar.ors. The rasuKa are shown in Fignra 4 (sac Lanes 2 and 3). Tn. 

2. PCR amplification oftheXWR intermediate product: 

A PCR reaction was performed on me X. produo, (prepared as describe above) as tempta* 
«h. exon , forward primer PEX, (SEQ to NO: 7) and a hybrid reverse primer PRx™ 

se:^of™^e:nI fteSeqnenCe0fPRX, — — • f*e 

716 PC * — » -n«ained I p. X, PCR pmduc, (axon I of bera-FSH: SEQ m NO- 
4 —« as me .empUte, and me additions, reagent nsted above. Cyeiing parametem were a^ 
follows: initial denaturation for 2 min *t Q<:o n . m i ^ 8 were as 

30 sec a. 94V «, h7 7 "** ° f ™* «* <=ycta consisting of 

2<T cl ' y " 50 C> " *» 2 ^ * 68 ' Ci - ' — — for 10 mm a, 

72 G Cycnng was perfbtmed using a PTC-,00™ progmntmable Thenna, ControUer (MJ Reseaich 

mc.Wa.eriown.Mass.USA). ™sreac«oni S mus ta ,e4a,H g ure2,,op S cheme 

7 MCrt °» ° f X1U * — • P-tac, by PCR was confirmed by agarose go, (2% in 
^ buffer) Cecfropnoresis for 30 min a, ,25mA using the DNA Mo.ecu.ar Weight Ma*er eX/Hinc 

PCrnri? Bi r ta ° I08y Cambrid8e ' m) ~ ' —eight markers. TheXlUR 
PCR product was men purified using the PCR Cean-up Ki, (NuCenspin Exhnc,. Cat No. 740590 - 

(*i™7: : vo,ume of 5o *"- ^ ■* - ° f dna - ~ 

7* ^ 30 - - — *e DNA Mo.ecu.ar Weigm Maricer 

ax^nnc uMK,3a <HT Biotechnoiogy Ud„ Cambridge, UK) as con.ro, m0 ,ecuUr weigh, markers 

exon , .^^3? X1UR ^ ^ ^ (SEQ m "-X. (bem-FSH 
exon l , b£Q ID NO:3) sequence extended at its 3' end hv fh* fwo i v 

bem-FSH exon X2 sequence). ^ => WW (me 

o 

5. PCR amplification oftheXlX2 (Exon 1-Exon 2 beta-FSH) product 
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Two different strategies were employed to amplify the product X1X2 
Strategy #1: 

In the first strategy, illustrated at Figure 3, a PGR reaction was performed using the exon 1 
forwardprimerPFXHSEQm^^^ 

earherampli fi edproductsXlURandX2 were the templates for this reaction. This PGR reaction 
contained the following reagents: 

1 . 10 Ml 10X PGR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 

magnesium Free M190G, Promega Madison WI, USA) 

2. 10 nl 25 mmol MgCl 2 

3. 5 ul dNTPs stock solution containing 10 /tmol each of dATP, dTTP dCTP 
anddGTP. 

4. 1 Ml X1UR intermediate PCR product (SEQ ID NO: 15) 

5. 1 Ml X2 PCR product (exon 2 of beta-FSH: SEQ ID NO: 4) 

6. 1 Ml of lOOpmol/ul PFX1 (beta-FSH exon 1 forward primer (SEQ ID NO- 7)) 
stock dilution 

7. 1 pi of lOOpmol/ul PRX2 (beta-FSH exon 2 reverse primer (SEQ ID NO 10)) 
stock dilution 

8. 2 Ml TAQ (5 U/ M l) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison USA) 

9. 65m1H 2 0 

cf^ ™* were m fonow: Mm iaatm6m &r2miBat 

r zzz *r cycie ° f 30 sk * 94 ° c - * 1 - * **• 

at 68 C, and a final ex.ena.on for 10 min a, 72°C. Cycling was performed using a PTC-100™ 
programmable Thecal Contmller (MJ Reaearch Inc. WaU^um, Maas USA) 

TAB buffer) eledrophorea, performed aa described above. He result are shown in Figured (see 
Una 4, B. product of mis PCR reacrion was then purified using me PCR Clean-up Ki, 

~ ^^° b 740590 - 50) '°- U ''-^in»fina 1 vo, mI ,eof 5 0p, . Purity Jsi^ ZI 
was cr.nfa.ed by agarose (2% in TAB buffer) eiecrophoreais perfbnued as described above 

The s,ze of the product was detemuned by agarose gel elecfrophoreais (perfotmed as described 
above) » be about 390 bp. The avenue of Una product was confined to 

scuer.ee for befc-PSH, X1X2 (SEQ B N0: 6; see Cenbar* Accession , NmXH 
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clonal sequence analysis using «he pnm«PFXl <bela-FSH exon . forward primer (SEQ ID NO: 



Strategy #2: 

PCR & IT" ^ ^ ^ ^ Pr ° dUC ' WM ~ d b > » **• *» Primer 
PCR u.n gt be X , and X2 products as tempfcte. This strategy shortened th. cloning process by one 

PCR step. to ttas strategy, the primers PRX2, PFX!, and .he hybrid reverse primer PRX1-PFX2' were 

TxT^Tl and rt X2P ' 0dUC,S " *** *- me X.UR toterm^iate arrd men 

the X1X2 final produc, u, a stngle PCR reaction. The PCR reaction contained the following magenta- 

1. 10 m lOXPCRBufferCThermophiiicDNAPoiymerase 10 x Buffer, magnesium ' 
Free M190G, Promega Madison WI, USA) 

2. 10nl25mmolMgCl 2 

3. 5 M l dNTPs stock solution containing 10 /tmol each of dATP, dTTP, dCTP and 
dGTP. ' 

4. 2 Ml XI PCR product (SEQ ID NO: 3) 

5. 2 ul X2 PCR product (exon 2 of beta-FSH: SEQ ID NO: 4) 

6. 1 ^ofl00 P moyulPRX2(beta-FSHexon2reverseprimer(SEQIDNO: 10)) 
stock dilution 

7. 1 ul of lOOpmol/ul forward primer PFX1 (beta-FSH exon 1 forward primer (SEQ 
ID NO: 7) stock dilution 

8. 1 M l of 100pmol/Ml hybrid reverse primer PRX1-PFX2* (SEQ ID NO: 1 1) stock 
dilution 

9. 2 Ml TAQ (5 U/mD (Taq DNA Polymerase in Storage Buffer A, Cat No. Mi865 
Promega Madison WI, USA) 

10.65m1H 2 O 

^T'CT" "™ " ^ denatoa,i0n fc 2 — * » cycles „, 

« 68 C, and a final extension for 10 min a, 72°C. Cycling was performed using a PTC-100™ 
programmable Thermal Controller (M, Research toe, Watertown, Masa USA) 

TAP. h " X1X2 * «■ PCR reaction was confirmed by agarose (2* in 

TAB Wh, eleeteophoresis performed aa deacribed above. The produc, of ttua PCR reaLon l Z 
punfied uamg fire PCR Clean-up Kit (Nucleospin Exlrac,. Ca, No. 7,0590.50) ,„ yield purTZ^ 
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final volume of 50ul. Purity and size of the DNA was confirmed by agarose (2% in TAB buffer) 
electrophoresis performed as described above. 

The size of the product was determined by agarose gel electrophoresis (performed as described 
above) to be about 390 bp. The sequence of this product was confirmed to be the full length coding 
sequence for beta-FSH, X1X2 (SEQ ID NO: 6; see Genbank Accession # NM 000510), by 
conventional sequence analysis using the primer PFX1 (beta-FSH exon 1 forward primer (SEQ ID NO: 

^))- 

Though the result was the same using both PCR strategies, we used the X1X2 product from the 
Strategy #1 PGR reaction because it yielded a higher quantity and purity of product DNA However 
the second approach is also viable, and has the advantage of proceeding very fast, although it requires 
stoichiometric amounts of the templates. 

4. Addition ofShine-Delgarno and Kozak sequences to theXlX2 (Exon 1-Exon 2 beta-FSH) 
product 

A 17 nucleotide sequence was added to the 5' end of the X1X2 (Exonl-Exon2 beta-FSH) PCR 
product (SEQ ID NO: 6), in order to create Shine-Delgamo and Kozak consensus sequences (SDK) 
which direct translation of the expressed SDK-X1X2 transcript. The sequence was added by 
performing a PCR reaction on the X1X2 PCR product using the primer PRX2, the beta-FSH exon 2 
reverse primer (SEQ ID NO: 10); and a new forward primer SDK-PFX1 with the sequence 5'-TCG 
AAG GAG ATA GA A CCA TG A AGA CAC TCCAGT TTT TCT TCC-3' (SEQ ID NO: 12), where the 
Slune-Delgamo and Kozak consensus sequences are underlined, the sequence of the exon 1 forward 
primer PFX1 (SEQ ID NO: 7) is in italics, and the "start" codon for translation initiation is in boldface 
The PCR reaction contained 1 ul X1X2 (Exonl-Exon2 beta-FSH) PCR product as the template, and the 
following additional reagents: 

1 . 10 ul 10X PCR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 1 0 ul 25 mmol MgCl 2 

3. 5 ul dNTPs stock solution containing 10 /onol each of dATP, dTTP, dCTP, 
and dGTP. 

4. 1 ul of lOOpmol/ul SDK-PFX1 primer (SEQ ID NO: 12) stock dilution 
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5. 1 pi of 100pmol/ M lPRX2(beta-FSHexon2reverseprimer(SEQlDNO:10)) 
stock dilution 

6. 2 \il TAQ (5 U/m1) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65m1H 2 0. 

Cycling parameters were aa folk™* initial denaturation for 2 min at 95"C- 30 evclea of 
at 08 C, and a final extension for 10 min at 72°C. 

Atn, ufi M „„n of toe SDK-X1X2 product by Ma PCR reaction waa confirmed by agarose ay 
^TAE buffer) e.ectropbo^ performed aa described above, Tbe product of tnis ^ ZZ £ 
^. purrfie »-e «be PCR Cean-up Ki, (NuCeospm Exbac, Cat No. 740590.50) to yie.d pmDNA 
. a fine votome of SOp,. Purity and si. of tbe DNA waa confirmed by agarose 2% m tZZ 
electrophoresis perforated as described above. lAEbuffcr) 



B. 



Assembly of beta-PSH ,„ r ^,..„. 



Tie SDK-X1X2 PCR product tves cloued into me p TjU(0El ™ expression vector rPromega) 
Z^^TTT™™ * r - P " M — Expression Syatom S 
ena or a fCR product (introduced as a natural consemien.^ n f t 

*t„„„- . "diurai consequence of Taq polymerase activity) with 5' 

were cultured on solid medium for 24 hours, and then 10 bacterial 
glomes from each transformation were used to inoculate individual liquid medium cultures P a^id 
DNA was extracted from cultured liquid medium cultures using the JET Ouiclc Z ^ 

* PCR tr P r DNA t ^ checked for ° f - s ™ ^-psh^ 

by PCR Jn ft. PCR, pnmers PFX1 (beta-FSH exon 1 forward primer (SEQ ID NO- 7)) and PRX2 
(beta-FSH exon 2 reverse primer fSEO ID NO- inv. « * 

"DMA <■ i o ^ NO. 10)) were used to amplify l M i of the purified plasmid 

DNA template. Successful amplification of the XI vo fi™ « punnea piasmid 

beta FSH ,en„. • . u fragment confirmed successful cloning of the 

oeta-*j>H sequences into the pTargeT vector 

dTPKRF^w /" t reSUltmg ex P ressi ™ construct was named 

pTPKBFSH (pTarobT containing the SDK-X1X2 PCRproduct insert). 
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Example 2: Expression of beta-FSH in mammalian cell culture 

The pTPKBFSH (pTargeT containing the SDK-X1X2 beta-FSH insert) expression conslma 
was used lor me expression of bela-FSH protein in COS-7L (Invitrogen, cahdog No. . 16220,6). ana 
CHOSanvnrogen.eaWogN.. 11619012) eel, lines. The pTPKBFSH construct was transfected into 
the various eel! hues using the UPOFECTAAHNE 2000 (n-vtaogen) transfecfion reagent accruing to 
manufcclurer-s instructions. The expression vector pSV-p-GaJactosidase (Promega) was induded as a 
transfection control. 

FoUowing nnnsfeotion, the cnUs were culuued in a selective medium containing lOOOpg/m. 
Gene heme for 7 days. Geneucine-reaistan, ecus were hansfcrred In a new cuUur. medium coming 
^eucme a, 200pg/rn, and cuUured to a ccU density of 10« ceUs/mh The supetnalan, of Otis cnZ 
2 '*»> «™ ^ Presence of me beta-FSH suhuni, using the Gmnulosa CeU Ammatase Bioassav 

«2) lor dereenng htoacnvc human betn-FSH. This .say q uanmates FSH activity baaed upon 
sumulahon of aromaase acfivity of granulosa cell* where aromas activity Is measured by 
,-tt*. of foe product of estrogen fiom an androstenedione pmcursor. Tbus 
^IZ^ ' ^ ^ ,Ua ° ttfira " amOM,t ° f — »«*-FSH protein in a 

To derive Gmnulosa Cells for the GAB assay, intac. fema 1 e Spague-Dawley re* (2!-22 days 

JSrZTT ^ saasao oapsules 00 ,m,) — h » * 10 - 

PES) to stunuute gmnulosa cn,l pmhfemdon Four days later, the animals wem sacrificed, and me 

Zd r WatoL ° f — ^ — — P~ wim 27-g.uge 

hypndenmc neefilee, and me granulosa cells removed into McCoy's 5a medium (Gibco), suppJLJd 

wtth pemcdbn/anepfomycin (.00 U/mL of each) and 2mM L-glutamine. The ceUs wem^Zj 

lew^eed cenfiifogation for 5 min, and men washed wim fiesh medium. Cell vhtbibty was eafimated 

w^T d r, T"" ° f " f0 "° Wed " y Mn — <- "*» * Hemacytometer. The cnUs 

were then minted m medium to a final volume of -2000-2400 viable cells/ ml 

^edayofmeaasay.finshGABaasaym^iumwasprepared. The GAB assay medium was* 
McCoy s 5a mefi-um (Gibco), supplemented win, peniciuin/sunpfomycin (100 U/mL of each) and 

^ f I"'" " M -*"*-*- «■»* MM diefoylsulbeslero. (Sigma); 37.5 

.sobutylxantmne (Sigma), and 1.25 ug/ml insulin (Sigma.- catalog # 1-1507). 
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Then 400 ul of GAB assay medium and 60 uL of granulosa cell suspension (-50,000-80 000 
viable cells) were added to each well of a 24-well plate. Next, 40 uL of pTPKBFSH-transfected COS 
or CHO cell supernatant or of various concentrations of positive control recombinant FSH (Organon) 
were added to each well. The plates were then cultured for 3 days at 37*C in a humidified 5% CO a 
incubator. The supernatant from each well was then harvested, and 10-20 ul of the supernatant assayed 
for estrogen levels by radioimunnoassay. Estrogen radioimmunoassay was performed using the 
Spectria RIA kit for estradiol measurement (Orion Diagnostic, Finland), according to the 
manufacturer's instructions. 

For this assay, varioas concenteations of the positive control recombinant FSH (Organon) were 
tesW and used to calculate a titration carve for FSH activity (recombinant FSH concentration in 
mnhUmts per miUUiter, mU/ml, versus estrogen ramotanunnoassay values, see Table 1). This control 
curve was men used to i^ate me amount of beta-FSH activity in me supernatant of pTPKBFSH- 
transfected COS or CHO cells. p 

When a 1/1000 dilution of the supernatant from pTPKBFSH-transfected cells was test* in me 

wTrr? 7 " 8 * nl " ^ Pr0dUCei ™ S ^ " W to ma, seen 

"* 5mVm ° f COn ' rol reCOmbina " t KH - ^ fcr me dilution fccor of the tested 

supematen,, mis result indicates ma, me pTPKBFSH-tiansfeCed ceU lines produce bioactive beta-FSH 
at a quantity of about 25 Units/ml. 



Table 1: Calibration curve values for FSH activity 



Concentration of 

recombinant FSH tested (mU/mL*) 




Example 3: Production and Expression of Chimeric DNA for AB FSH 

t 

The human FSH hormone protein is multi-subunit protein composed of an alpha subunit plus a 
beta subumt. The complete cDNA sequence for the alpha subunit is SEQ ID NO: 16 (Genbank 
Accession number NM 000735). This example describes the production of anjactive human FSH 
protem in which both subunits of the hormone are contained in a single protein chain. 
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^ Beta-FSH summit encoding n»^,> nrid gggu^gg n 

Example^ b6ta " FSH SUbUDit S6qUenCe 0X1X21 SE Q 10 N0:6 >-prepared as described in 



* « v v iNU - iy J «>y 2% agarose gel electroohoresis 

(performed as described above- see Fimir* s i a «o « j P esis 

HCG-SENT and HCG-ANTISENT^ ' ' ^ ^ «» »— 

end of the glycalA RT-PCR product via PGR using the primers HCG-SENTCACC <* CAC CAT 

^ISST 1 " (alpha " FSH) RT - PCR prote - - - - 

1. 10 ullOX PGR Buffer (ThermophiUc DNA Polymerase 10 x Buffer 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 ul 25 mmol MgCl 2 

3. 5 M l dNTPs stock solution containing 10 nmol each ofdATP, dTTP dCTP 
anddGTP. ' ' 

4. 1 Mlof 10()pmol/MiprimerHCG.SENTCACC(SEQmNO:20)s to ckdilution 

5. 1 Ml of lOOpmol/ul primer HCG-ANTBENT (SEQ ID NO: 18) stock dilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 
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7. 65ulH 2 0. 



Cycling parameters were as follows: initial denaturation for 2 min at 95°C; 30 cycles of 

ITSctr ^ COnSiStinS ° f 30 " 94 ° C ' f ° U0Wed * 1 * 5 °° C ' - * .in 

at 68 C, and a final extension for 1 0 min at 72°C. 

This PCR product, termed CACCgiycalA (SEQ ID NO: 2!), was then inserted into the 
named pLenti6/V5-glycalA. w 

This construe, can be us «d for transient expression of the alpha-FSH subuni, in in vHro eel. 
culture. A.,ema,ive.y, where stabie expression of nre alpha-FSH is desired, the pLenn W5 - gI » 
.ansfected in,o ,he ViraPower 2 9 3FT- ^ Iine , , ong ^ ^ ^r : 

cTlt l T 80 " K4955 " ,0) ' ™ S ^ b — -«-«—.. ™tian 

hne n, cutare, producmg a mammalian eel! Un. ma, tfab, y expresses the alpha-FSH snbnni,. 

C. Creatipp of a nucleic acid s f<1l ,,nre encod™ ..p y ^ r + ^.^h f ap ^ 

The alpha-FSH and bete-FSB encoding sequent described above were us* «o create a 

FSH0.e mclud.ng «he srgna, peptide). The nucleotide science of alpha-beta-FSH (AB-FSH; SEQ 

human FSH. Tins nncleohde sequence encodes the AB-FSH polypeptide (SEQ ID NO- 29) 
1. Mature beta-FSH 



0 e WL^T WaS .r f ° med '° " — * — sequence encoding mamre beta-FSH 

fo^d p^T ^ mCOdinS ™" PCR «— ~ -ing me new 

pnmerPRX2 (SBQIDNO : 10) on 1 pi of the purified X1X2 PCR product (see Example 1 above) 
oychng . peters as described in Example IA1 w ^ ^ ^ 

wC^TT^^ ^^^^^^ 



see Figure 5, lane 2) 

2. Proprotein alpha-FSH 
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A second PGR reaction was performed to generate a nucleic acid sequence encoding the 
proprotein of a,pha-FSH in which the stop codon was, removed. Removal of the alpha-FSH stop l 0 n 
is necessary to prevent premature truncation of the alpha-beta-FSH fusion protein. This PGR reaction 
was performed using the primer HCG-SENT (SEQ ID NO: 17) and the new primer HCG 
ANTISENT/woTAA (5'-AGA TTT GTG ATA ATA ACA AGT ACT GCA GTG G-3'; SEQ IDNO 
2 ) on the glycalA PGR product (SEQ, ID NO: 19) as template. This PGR contained lp, glycalA 
(alpha-FSH) PCR product as the template, and the following additional reagents: 

1. 10 ullOX PCR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10ul25mmolMgCl 2 

3. 5 pi dNTPs stock solution containing 10 /imol each of dATP, dTTP, dCTP, 
and dGTP. 

4. lulofl00pmoVplprmierHCG-SENT(SEQIDNO:17)stockdilution 

5. 1 pi of lOOpmol/pl primer HCG-ANTKENT/woTAA (SEQ ID NO: 25) stock 
dilution 

6. 2 ul TAQ (5 U/pl) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
M186S, Promega Madison WI, USA) 

7. 65ulH20. 

Cycling parameters were as follows: tajfia, demmuttion tm 2 mfa „ 30 
ampMoanon with .each eyc,e consisting of 30 sec « 94°C, Mowed by 1 min a, 50°Q and men 2 rain 
68 C; and a final extension for .0 min ar 72°C. The resulting PCR product was named 
glycalwoTAA (SEQ ID NO: 26; alpha-FSH sequences without the TAA stop codon). 

3. alpha-beta-FSH (AB-FSH) ' 
A first PCR was performed to generate an intennediate nucleic acid molecule in which a short 
segment of 5' mature heta-FSH encoding sequence (S-FSH-B) was finked «o the 3' end of me alphW 
FSH sequence with the stop cudon removed (glycalwoTAA). TWs PCR was performed using fire 
gWwoTAA PCR product as temphrte, the forward prhner HCG-SENT (SEQ ID NO: !7), ana fire 
^rZTrl'Z ABUOKaai (5 '-™ GTC AfiC TCft Cfl]Cj CTi\ TJA GAT TTG TGA TAA 
TAA CAA GTA CTG CAG TGG-V; SEQ H> NO: 27), where the undefined sequence is me reverse 

ZZn ,^ WMX2 <SEQ m *» S ~ ANTISENT/woTAA 

and the following additional reagents: 
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1. 10 m 10X PGR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10ul25mmolMgCl 2 

3. 5 M l dNTPs stock solution containing 10 mo \ each of dATP, dTTP dCTP 
and dGTP. 

4. 1 nl of 1 OOpmol/ul primer HCG-SENT (SEQ ID NO: 17) stock dilution 

5. 1 ^^lOOpmoVulprimerABLIGATIONCSEQIDNO^^stockdilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65ulH 2 0. 

Cycling parameters were as follows: initial denaturation for 2 min at 95°C 30 cycles of 
amph^anonw^ 

at 68 C; and a final extension for 10 min at 72°r w~ „ ^ ^ * ™ 
glycalwoTAAUR (SEQ ID NO: 28). " ** »— 

«snsr^srt^s t ro ? 28> - *° s - fsh - b 

SENT fSEO ID NO- 1 7^ a 1 performed using the forward primer HCG- 

^JNi(SEQIDNO.17)andniereverseprimerPRX2(SEQIDNO l0^ Thi«vro 

the following reagents: } * ?CR reaCtl ° n contain ed 

1. 10 ul 10X PCRBuffer (Thermophilic DNA Polymerase 10 x Buffer 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 ul 25 mmol MgCI 2 

3. 5 ul dNTPs stock solution containing 10 /mud each of dATP, dTTP dCTP 
and dGTP. » , 

4. 1 Ml glycalwoTAAUR intermediate PCR product (SEQ ID NO: 28) 

5. 1 Ml X2 S-FSH-B PCR product (SEQ ID NO: 24) 

6. 1 Ml of 100pmol/Ml primer HCG-SENT (SEQ ID NO: 17) stock dilution 

7. 1 Ml of 100pmol/Ml primer PRX2 (SEQ ID NO: 10) stock dilution 

8. 2 Ml TAQ (5 U/m0 (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

9. 65m1H 2 0 
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Cycling parameters were as follows: initial denaturation for 2 min at 95°C; 30 cycles of 
amplification with each cycle consisting of 30 sec at 94°C, followed by 1 min at 50°C, and then 2 min 
at 68°C; and a final extension for 10 min at 72°C. Cycling was performed using a PTC-100™ 
programmable Thermal Controller (MJ Research Inc. Watertown, Mass, USA). 

The product of this PCR was confinned to be AB-FSH (SEQ ID NO: 22) by 2% agarose gel 
electrophoresis (performed as described above; see Figure 5, lane 4) and by sequencing of the 
pLenti/AB-FSH construct (see below) using vector primers. 

The AB-FSH PCR product was then cloned into the pLenti6/V5 D-TOPO vector using the 
P Lenti6/V5 Directional TOPO cloning kit according to manufacturer's instructions (Invitrogen K4955- 

10) as described above (Example 3B. "Alph a-FSH summit encode nucleic add sec 3 except 

that the PCR primers used to add the nucleotide sequence CACC were HCG-SENTCACC (SEQ ID 
NO: 20) and PRX2 (SEQ ID NO: 10). This expression construct was named pLenti/AB-FSH. 

Example 4: Co-expression of alpha-FSH and beta-FSH in mammalian cell culture 

The P Lenti6/V5-glycalA (pLenti6/V5-D-topo vector containing the glycalA alpha-FSH insert) 
and the pTPKBFSH (pTargeT containing the SDK-X1X2 beta-FSH insert) expression constructs were 
used for the expression of the complete human FSH hormone in COS-7L (Invitrogen, catalog No 
11622016), and CHO-S (Invitrogen, catalog No. 11619012) cell lines. The alpha-FSH and beta-FSH 
expression constructs were co-transfected into the various cell lines using the LIPOFECTAMINE 2000 
(fcvm-ogen) transfection reagent according to manufacturer's instructions. The expression vector pSV- 
P-Galactosidase (Promega) was included as a transfection control. 

Following transfection, the cells were cultured in a selective medium containing 1000ug/ml 
Geneticine and 400ug/ml Blasticidin for 7 days. Geneticme-Blasticidine-resistant cells were 
transferred m a new culture medium containing Geneticine (200ug/ml) and Blasticidin (200 ug/mL) 
and cultured to a cell density of iO* cells/ml. The supernatant of this culture was than tested for the 
presence of the multisubunit (alpha subunit and beta subunit non-covalently associated) FSH complex 

The presence of the alpha and beta FSH complex was detected using the BIOSOURCE FSH- 
IRMA Kit (Biosource Europe S.A., Cat # KIP0841-KIP0844), an immunoradiometric assay kit for the 
quotation of Follicle Stimulating Hormone (FSH). This FSH-IRMA assay is based on the use of two 
monoclonal antibodies, one specific for the alpha subunit of FSH and one for the beta subunit of FSH 
Thus this assay only detects the complete alpha and beta FSH complex. The supernatant of 
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pLenW/VS-glycaU m d the pTPKBFSH co-transfected cells WM teted fa ^ 

oeta * i»H complex in an amount of 1 1 0 U/ml. 

Example 5= Express... of, he alpha-heta-FSH fa s ,„n proteta in mammaUan ceU ratare 

The alpha-beta-FSH expression oonsm.ctpL.nti/AB.FSH was transfected inm COS 7L cells 
(fcvttroge, catelog Mo. using the LIPOFECT AMINE 3000 Onl^n) ^on 

^en, according to manutachner-s tenons. The expression vectL pS '£££Z 
(Promega) was mcluded as a (ransfeotion control P tralactosidase 

ested and lysed. Cells were lysed by freezing and thawing in ImL of culture medium Thelvsed 
cells were then centrifuged to pellet the cellular deh™ ru medium. The lysed 

forthepresenceofalpha-heta-FSH. ^ supernatant was then harvested and tested 

FSH rn^^T ^ *" dph3 - beta - FSH &si ° n - then detected using the BIOSOURCE 

FSH-IRMA Kit (Biosource Europe S.A., Cat # KIP0841 KD>0R4^ • «UMJURCB 

Za^ J TT ° f ^* 1 ^ AB -^H-— COS-7L cells was tested nsingtTsH 

beta-FSH proteui was present at a concentration of 325 U/ml Note th M f„, «.• . 

indicates me amonn, of protein alpha-heta-FSH protein oresT wt ^ 

assay. TCE " H protem P 165 " 1 '. •>>■» «say is not truly a flmetional 

Bxample 2, supm. ForI*^Jl 7I ; l 7 t ; AB teS, fa ^ ^ ^ " * 

supernatant of lysed P Lenti/AB-FSH-transfectedC0^7T ., , P Next » 40 nL of 

centre, recomhinan, FSH (Organon, "te ^r^ptrrr^ 0 " 15 

o 7 o n . . , n weiL Ane Plates are then cultured for 3 davs at 

37 C in a humidified 5% OOj incubator. The supernatant from each well is men harvested" and^ 
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H of the supematon. assayed for estrogen tevela by nuiiotauonoaaaay. Estiogen radioimmunoassay ia 
perfbnned using the Speotria MA kit for eatradio! meaauremen. (Orion Diagnostic, Finland), aecordinn 
to the manufacturer's instructions. 

For this assay, various concentrations of the positive control recombinant FSH (Organon) are 
teaed and used to calculate a titration curve for FSH activity (recombinant FSH concentration in 
mdhltats per miUihter, mU/ml, versus etfregen radiohnmunnoaaaay valuea). Tin, mnM curve is 
then uaed to mte.pota.e fte amount of biologicaUy active alpha-bete-FSH. The alpha.beti.-FSH of me 
mvention showa a substantial^ higher activity profil . m m ^ rapressed „ ^ 
activity per mg of protein, than the currently available recombinant FSH (Organon). 

♦ ♦ * 

here- T/T' i, "' e, " i0n " ^ * ^ ^ ta ^ by ** -bodimenta described 

herem Indeed, various modiflcationa of me invention in addition ,o those deaeribed herein win 
become apparent to mose skilled in the art from me mregoing deacription and me accompanying 
figures. Such modifications are .mended to fall within the scope of the appended claims 

* .s former to be underetood ma. all vataes are approximate, and are provided for description 
Patents, paton. applications, publications, pmduc, descriptions, and pmtocols aae cited 
ftmughom tins application, me disclosures of which are hteorporated herein by reference in their 
entireties for all purposes. 
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SEQUENCE LISTING 
<110> Dragotti & Associati 

<120> METHOD OF PRODUCING RECOMBINANT DNA MOLECULES 
<130> 2901/0N144 
<160> 29 

<170> Patentln version 3,1 



<210> 1 

<211> 1909 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<222> (1)..(1909) 

<223> cDNA sequence for human b-FSH 



<400> 1 

acagctcttg ccaggcaagg cagccgacca cagacoagga tgaagacact ccagtttttc 60 

ttccttttct gttgctggaa agcaatctgc tgcaatagct gtgagctgac caacatcacc 120 

attgcaatag agaaagaaga atgtcgtttc tgcataagca tcaacaccac ttggtgtgct 180 

ggctactgct acacoaggga tctggtgtat aaggacccag ccaggcccaa aatccagaaa 240 

acatgtacct tcaaggaact ggtatatgaa acagtgagag tgcccggctg tgctcaccat 300 

gcagattcct tgtatacata cccagtggcc acccagtgtc actgtggcaa gtgtgacagc 360 

gacagcactg attgtactgt gcgaggcctg gggcccagct actgctcctt tggtgaaatg 420 

aaagaataaa gatcagtgga catttcaggc cacataccct tgtcctgaag gaccaagata 480 

ttcaaaaagt ctgtgtgtgt gcaatgtgcc caggggacaa accactggat caggggattc 540 

agactctact gatccctggt ctactggcag agggaactct gggaattgag agtgctgggg 600 

gccaggactc catcatgatt cagctctata ttcctaggtc tgatttcata aggtttattc 660 

agtcttaact cacagacttg tgcctggttt cttctttaaa aatcttagaa atcttctcag . 720 

gcaatgcctc tctcttaggg ggaaacataa gcctagaagg aggaagcagt aatgggagtg 780 

agtgaaagaa ctaactgcag cagtcttctg gtagactctt gggccctcta gagcaaggtc 840" 

agcatcttca gcattgtagc gtcaatgcct agcactctgc ctggaactta gaaacacaac 90 0 

aatggcttct ttagatcaga aaggtcaagg gtagaaaata ctggaagagg atgtttgagg 96 0 

taagctgatg aggctgcccg cagcacacca gtcccatgaa agttagtggc atcagtttca 1020 
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cctcgccttt tctccagcac atgagtattg agacatgatg tgtctttetg aattgtttgg 
tacagatggg gagtaacaga gctcgaagat ttccaagcta ttactaccaa gcctgttagt 
taagggcaaa ggcaagaaat tgtaatttgg ggctgtggaa attagcctgc ctctattcat 
tacttaaaca aattgatcac atgctactag gctcctgcaa actccttttt gagataaagg 
3 aaaaaacca aactatctca ccctaccctc cctaggatcc acttctttgg aatgacaaag 
9atttgaaag taggtttgaa agcagtttca gcaatttaat aaatataatt aatttgtcta 
ccaaatatat ttgtataaat aatagctcct ttagaaagaa ttagccatgg ggggatcgag 
gggaaactgc tgttttctag gatcctgtct acatcaatct tctattttat ccatccatgt 
tctcccaaat ctgtgctttc tttcaacagg ttatatatta aaactatttc atgagttgat 
ttcttttaaa cgtgttaact gtcttagtta tgcactcagt ttcacactca tattgtttaa 
ctaatttatt taaagtctta tttttttaat aaagatgcta gccaccagag tcacggcttg 
Sattgtttta tgtacaaaca gatgacttag aaattctgta ttttataata atattagtgg, 

aatgaaatct taaaatataa ttcccagtgt ttctataaat attacctttc cttatctttg 
gagatattaa aaataatttt gttggatttc tgaagtgttt tgtcacttaa atttcctgtc 
attttttgaa gacattttct gatgtaattt gggagaaaaa aagcataga 



<210> 2 

<211> 54 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<222> (1)..(5) 

<223> 6-psh signal sequence 

<400> 2 



atgaagaoac tccagttttt cttcottttc tgttgctgga aagcaatctg ctgc 



1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 
1860 
1909 



54 



<210> 3 

<211> 159 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> exon 

<222> (i) . . (159) 
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<223> exon #1 of human S-FSH <NM 000510) 
<400> 3 — 

r - = F s - s - - * - s £ in x 

S£ o 9C t9t 939 Ctg acc aac atc a « att gca ata gag aaa 

Cys Cys Asn Ser Cys Glu Leu Thr Asn He Thr He lla 5! Ilu Lys 



48 



96 



K £ £ £ X £ X £ £ £ £■ r e " « — 

jr a *-xie Lys xie Ser lie Asn Thr Thr Trp Cys Ala Glv 
" 40 * 



144 



45 



tac tgc tac acc agg 

Tyr Cys Tyr Thr Arg 3-59 
50 



<210> 


4 




<211> 


231 




<212> 


DNA 




<213> 


Homo 


sapiens 


<220> 






<221> 


exon 




<222> 


(1).. 


(231) 


<223> 


exon 


#2 of human S-FSH (NM_000510) 


<400> 


4 





£ 2 £ £ £ £ £ £ 5 £ £ £ SI I" £ £ 
£ £ 25 K X £ £ SS £ 52 £ £ £ & J ~ 

25 30 

£ £ S £ £ 2 £ £ £ £ £ S £ £ £ K 
£ f £ £ £ £ £ = £ K - £ ~ • - a 

55 60 
ggg ccc age tac tgc tec ttt ggt gaa atg aaa aaa t aa 

Gly Pro Ser Tyr Cys Ser Phe Sly 2lu mII lyt K 231 



96 



144 



192 



65 70 



<210> 5 

<211> 129 

<212> PRT 

<213> Homo sapiens 



75 



<400> 5 

Met Lys Thr Leu Gin Phe Phe Phe Leu Phe Cys Cys Trp Lys Ala He 
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10 



15 



Cy* Cy S Asn Ser Cys Glu Leu Thr Asn He Thr lie Ala He Glu Lys 

25 30 
Glu Glu Cy 8 Arg Phe ^ Ile s Ile ^ ^ ^ ^ ^ ^ 

40 45 

OVr Cys Tyr Thr Arg Asp Leu Val Ty r Lys Asp Pro Ala prQ 

55 60 
lie Gin Lys, Thr Cys Thr Phe Lys Glu Leu Val 



75 



Tyr Glu Thr Val Arg 



val Pro Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr 
85 90 



Ala Thr Gin Cys His Cys Gly Lys Cys Asp Ser 



60 



Tyr Pro Val 
95 



100 



105 



Thr Val Arg Gly Leu Gly Pro Ser Tyr Cys Ser 
115 



Glu 



120 



Asp Ser Thr Asp Cys 
110 

Phe Gly Glu Met Lys 
125 



<210> 6 

<211> 390 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> S-FSH X1X2 PCR product 
<300> 

<308> GenBank / NM 000510 

<309> 2002-11-05 

<313> (I).. (390) 



<400> 6 



atgaagacac 


tccagttttt 


cttccttttc 


tgttgctgga 


aagcaatctg ctgeaatage 


60 


tgtgagctga 


ccaacatcac 


cattgeaata 


gagaaagaag 


aatgtcgttt 


ctgeataage 


120 


atcaacacca 


cttggtgtgc tggctactgc 


tacaccaggg 


atctggtgta 


taaggaccca 


180 


gccaggccca 


aaatccagaa 


aacatgtacc 


ttcaaggaac 


tggtatatga 


aacagtgaga 


240 


gtgcccggct gtgctcacca 


tgeagattec 


ttgtatacat 


acccagtggc 


cacccagtgt 


300 


cactgtggca 


agtgtgacag 


cgacagcact 


gattgtactg 


tgegaggect 


ggggcccagc 


360 


tactgctcct 


ttggtgaaat 


gaaagaataa 








390 



<210> 7 
<211> 25 
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♦ 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VgBgan^ position 40-64 in SEQ ID NO: i. cDNA sequence 
<400> 7 

atgaagacac tccagttttt cttcc 

<210> 8 

<211> 21 

<212> DNA ' . 

<213> Artificial Sequence 

<220> 

<223> ?or m n; m ^-?si' POSiti ° n 198 - 178 in SEQ ID N0! ™ 



25 



21 



<400> 8 

cctggtgtag cagtagccag c 

<210> 9 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 



<400> 9 

gatctggtgt ataaggaccc a 1 

<210> io 

<211> 23 

<212> DMA 

<213> Artificial Sequence 



21 



<220> 

<223> primer PRX2 n.t. position 429-407 in SPO rn wn i 

for human fi-PSH Q NO: cDNA sequence 



<400> 10 

ttattctttc atttcaccaa agg 

<210> 11 

<211> 42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer PRX1-PFX2 1 



23 
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<400> 11 ' 
tgggtcctta tacaccagat ccctggtgta gcagtagcca 



ga 



42 



<210> 12 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer SDK-PFX1 

<400> 12 

tcgaaggaga tagaatgaag acactccagt ttttcttcc 

<210> 13 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer FSHNAT2 J 

<400> 13 

aaaaagcagg cttcgaagga gatagaacca tgaaga 

<210> 14 

<211> 45 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer BFSH2UR 

<400> 14 

ggggaccact ttgtactaga aagctgggtt ttattctttc atttc 

<210> IS 

<211> 180 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<222> (1)..(180) 

<223> X1UR product 



39 



36 



45 



<400> 15 

atgaagacac tccagttttt cttccttttc tgttgc^tgga aagcaatctg ctgcaatagc 
tgtgagctga ccaacatcac cattgcaata gagaaagaag aatgtcgttt ctgcataagc 
atcaacacca cttggtgtgc tggctactgc taoaccaggg atctggtgta taaggaccca 
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<210> 16 

<211> 704 

<212> DNA 

<2i3> Homo sapiens 

<220> 

<221> misc_feature 
<222> (1)..(704) 

<223> alpha-FSH (NM_000735) full length cDNA sequence 
<400> 16 

9cagttactg agaactcata agacgaagct aaaatccctc ttcggatcca cagtcaaccg 6 0 
ccctgaacac atcctgcaaa aagcccagag aaaggagcgc catggattac tacagaaaat i 20 
atgcagctat ctttctggtc acattgtcgg tgtttctgca tgttctccat tccgctcctg iao 
atgtgcagga ttgcccagaa tgcacgctac aggaaaaccc attcttctcc cagccgggtg 240 
ccccaatact tcagtgcatg ggctgctgct tctctagagc atatcccact ccactaaggt 300 
ccaagaagac gatgttggtc caaaagaacg tcacctcaga gtccacttgc tgtgtagcta 
aatcatataa cagggtcaca gtaatggggg gtttcaaagt ggagaaccac acggcgtgcc 
actgcagtac ttgttattat cacaaatctt aaatgtttta ccaagtgctg tcttgatgac 
tgctgatttt ctggaatgga aaattaagtt gtttagtgtt tatggctttg tgagataaaa 
ctctcctttt ccttaccata ccactttgac acgcttcaag gatatactgc agctttactg 
ccttcctcct tatcctacag tacaatcagc agtctagttc ttttcatttg gaatgaatac 
agcattaagc ttgttccact gcaaataaag ccttttaaat catc 



360 
420 
480 
540 
600 
660 
704 



<210> 17 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer HCG-SENT 

<400> 17 

atggattact acagaaaata tgcagctatc 

<210> 18 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer HCG-ANTISENT 

<400> 18 

37/50 



30 



\ 



i 



ttaagatttg tgataataac aagtactgca 

<210> 19 
<211> 351 
<212> DNA 

<213> Artificial Sequence . 
<220> 

<223> glycalA - RT-PCR product 
<400> 19 

atggattact acagaaaata tgcagctatc tttctggtca cattgtcggt gtttctgcat 
gttctccatt ccgctcctga tgtgcaggat tgcccagaat gcacgctaca ggaaaaccca 
ttcttctcc. agccgggtgc cccaatactt cagtgcatgg gctgctgctt ctctagagca 
tatcccactc cactaaggto caagaagacg atgttggtcc aaaagaacgt cacctcagag 
tccacttgct gtgtagctaa atcatataac agggtcacag taatgggggg tttcaaagtg 
gagaaccaca cggcgtgcca ctgcagtact tgttattatc acaaatctta a 

<210> 20 

<211> 34 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer HCG-SENTCACC 

<400> 20 

caccatggat tactacagaa aatatgcagc tatc 

<210> 21 
<211> 355 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR product CACCglycalA 
<400> 21 

caccatggat tactacagaa aatatgcagc tatctttctg gtcacattgt cggtgtttct 
gcatgttctc cattccgctc ctgatgtgca ggattgccca gaatgcacgc tacaggaaaa 
cccattcttc tcccagccgg gtgccccaat acttcagtgc atgggctgct gcttctctag 
agcatatccc actccactaa ggtccaagaa gacgatgttg gtccaaaaga acgtcacctc 
agagtccact tgctgtgtag ctaaatcata taacagggtc acagtaatgg ggggtttcaa 
agtggagaac cacacggcgt gccactgcag tacttgttat tatcacaaat cttaa 



30 



60 
120 
180 
240 
300 
351 



34 
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<210> 22 

<211> 684 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR product AB-FSH 

<400> 22 



atggattact acagaaaata tgcagctatc tttctggtca cattgtcggt gtttctgcat 
gttctccatt ccgctcctga tgtgcaggat tgcccagaat gcacgctaca ggaaaaccca 
ttcttctccc agccgggtgc cccaatactt cagtgcatgg gctgctgctt ctctagagca 
tatcccactc cactaaggtc caagaagacg atgttggtcc aaaagaacgt cacctcagag 
tccacttgct gtgtagctaa atcatataac agggtcacag taatgggggg tttcaaagtg 
gagaaccaca cggcgtgcca ctgcagtact tgttattatc acaaatctaa tagctgtgag 
ctgaccaaca tcaccattgc aatagagaaa gaagaatgtc gtttctgcat aagcatcaac 
accacttggt gtgctggcta ctgctacacc agggatctgg tgtataagga cccagccagg 
cccaaaatcc agaaaacatg taccttcaag gaactggtat atgaaacagt gagagtgccc 
ggctgtgctc accatgcaga ttccttgtat acatacccag tggccaccca gtgtcactgt 
ggcaagtgtg acagcgacag cactgattgt actgtgcgag gcctggggcc cagctactgc 660 
tcctttggtg aaatgaaaga ataa 



<210> 23 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR forward primer PFMX2 

<400> 23 

aatagctgtg agctgaccaa 

<210> 24 

<211> 336 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR product S-PSH-B 

<400> 24 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 



684 



20 



aatagctgtg agctgaccaa catcaccatt gcaatagaga aagaagaatg tcgtttctgc 



60 
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ataagcatca acaccacttg gtgtgctggc tactgctaca ccagggatct ggtgtataag 
gacccagcca ggcccaaaat ccagaaaaca tgtaccttca aggaactggt atatgaaaca 
gtgagagtgc ccggctgtgc tcaccatgca gattccttgt atacataccc agtggccacc 
cagtgtcact gtggcaagtg tgacagcgac agcactgatt gtactgtgcg aggcctgggg 
cccagctact gctcctttgg tgaaatgaaa gaataa 

<210> 25 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer HCG-ANTISENT/woTAA 

<400> 25 

agatttgtga taataacaag tactgcagtg g 

<210> 26 
<211> 34iB 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR product glycalwoTAA 
<400> 26 

atggattact acagaaaata tgcagctatc tttctggtca cattgtcggt gtttctgcat 
crttctccatt ccgctcctga tgtgcaggat tgcccagaat gcacgctaca ggaaaaccca 
ttcttctccc agccgggtgc cccaatactt cagtgcatgg gctgctgctt ctctagagca 
tatcccactc cactaaggtc caagaagacg atgttggtcc aaaagaacgt cacctcagag 
tccacttgct gtgtagctaa atcatataac agggtcacag taatgggggg tttcaaagtg 
gagaaccaca cggcgtgcca ctgcagtact tgttattatc acaaatct 

<210> 27 

<211> 51 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> hybrid reverse primer ABDICATION 

<400> 27 

ttggtcagct cacagctatt agatttgtga taataacaag tactgcagtg g 

<210> 28 



120 
180 
240 
300 
336 



31 



60 
120 
180 
240 
300 
348 
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<211> 368 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> pcr product glycalwoTAAUR 

<400> 28 

atggattact acagaaaata tgcagctatc tttctggtca cattgtcggt gtttctgcat 
gttctccatt ccgctcctga tgtgcaggat tgcccagaat gcacgctaca ggaaaaccca 
ttcttctccc agccgggtgc cccaatactt cagtgcatgg gctgctgctt ctctagagca 
tatcccactc cactaaggtc caagaagacg atgttggtcc aaaagaacgt cacctcagag 
tccacttgct gtgtagctaa atcatataac agggtcacag taatgggggg tttcaaagtg 
3 agaaccaca cggcgtgcca ctgcagtact tgttattatc acaaatctaa tagctgtgag 
ctgaccaa 

<210> 29 

<211> 227 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic peptide AB-FSH 

<400> 29 

Met A8 p Tyr Tyr Arg Lys Tyr Ala Ala lie Phe Leu Val Thr Leu Ser 

Val Phe Leu His Val Leu His Ser Ala Pro Asp Val Gin Asp Cys Pro 

25 30 
Glu Cys Thr Leu Gln ciu Asn Pro Phe Phe Ser Gin Pro Gly Ala Pro 

40 45 
He Leu Gin Cys Met Gly Cys Cys Phe Ser Arg Ala Tyr Pro Thr Pro 

55 60 
Leu Arg Ser Lys Lys Thr Met Leu Val Gin Lys Asn Val Thr Ser Glu 

70 7 5 80 

Ser Thr Cys Cys Val Ala Lys Ser Tyr Asn Arg Val Thr Val Met Gly 

Gly Phe Lys Val Glu Asn His Thr Ala Cys His Cys Ser Thr ^ Tyr 

105 110 
Tyr His Lys Ser Asn Ser Cys Glu Leu Thr Asn He Thr He Ala He 

120 125 

Glu Lys Glu Glu cys Arg Phe Cys Xle Ser He Asn Thr Thr Trp Cys J 

135 140 



60 
120 
180 
240 
300 
360 
368 
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Ala Gly Tyr Cys Tyr Thr Arg Asp Leu Val Tyr Lys Asp Pro Ala Arg 



155 



Pro Ly B He Gin Lys Thr Cys Thr Phe Lys Glu Leu Val Tyr Glu 
lo5 



170 



160 



Thr 



175 



Val Arg Val Pro Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr 



185 a90 
Pro val Jla Thr Gin Cys His Cys Gly Lys cys Asp Ser Asp 



200 



205 



Asp cys Thr Val Arg Gly Leu Gly Pro Ser Tyr Cys Ser Phe 



210 

Met Lys Glu 
225 



215 



220 



Tyr 
Ser Thr 
Gly Glu 
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CLAIMS 

WHAT IS CLAIMED IS: 



*ame or a Oitterent nucleic acid molecule including X2 wherein if yi ^ ™ - . 
— — , they m Mt aMismmt tte mahod JZZ*"" if XI and X2 orrgmate on the 

(a) amplifying a first doable stranded nucleie acid senmenr v, u- u 
comprises a sense and an anfisense nucleic acid strand wTa fit ~ 
-prises (i) a forward primer. PKX1. which Zl J^Tl ^ ^ 
<ii) a reverse primer PRX1 K ., end of the antisensestrandofxi and 

pnmer, PRX1, whrch hybndrzes to the 3' end of the sense strand of XI- 

(b) amphfying a second donble stranded nucleic acid seamm, V-, ..- 1. 
comprises a sense and an antiaense nucleic acid straral wim a ' T ' " 1 
- comprises (i) a forward pHmer, P FX2 , wU nh ^dL , Z 77^ ^ ^ 

Inlemrediato Zn^^ZZTT^ ^ " ** 
branded nudeic 1^x7^^ *"* ^ 

end of X! is to ed to J££^» ^ ^ — -3- 

PFX1 and (ii) a firsion pnra"^ fi ^ third priraer se, compnses C » 

' pnmer ' wluch *«» Pnmer has the nucleotide sequence of pryi 

* 5' end by ft, sequence of the complement of PEX2 said PFX2 , PrcCaW " 

r-Ht™.^- . nloI " A2 - sa " ipI, X2complementtennedI»FX2';and 
(d) making and amphfying X1X2 by denaturing and anneal™ X1UH ^ , , 

samemolecule, drey arc no, enfignous, fire method compLrg »« ongrnato on the 

(a) amplifying a first double stomded nucleic acid segment XI „hi ., 
compnaea a sense a. an annacnae nndeic acid aband, whh . te ~ j*^,^ 



I 



comprises (i) a forward primer, PEX1, which hybridizes to the 3' end rf * : 
(iOareve.eprimer.PRXl, which hybrid to me 3 Cofm! ' ^ 

Art arrmUfi . 3 ° f SenSe *t«nd Of XI; 

W amphfymg a second double stranded 

nudeic acid segment X2 J a'dol ^ - *— 

- of Xa is ^ to the" " nUCtei ° ^ ~ ^ — the 5. 

(d) making and amplifying X1X2 bv L h .WMV-d 
primers PFX1 and PRX2. 8 a ™ Ka,ed "^8 W polymerase and 

3- A method for making a polynucleotide rxiv->\~ •• 

«-X 2 ,wneremX 2 inX,X 2 r i mm™3 ^7^,^^°^ 
- *e -e or a dirXaren, nucleic acid mo, J ^ « 

samemo 1 ecn l e,me y areno,con ng uo„, th e memodcompS; "** " ""' 

(a) amplifying a first double stranded nucleic „cM 

eontpriseaaaenaeandanannsensenuc.eicacidsnnnd. jrsL2V e ^ ^ ^ ' 
set comprises (i) a forward primer PFX2 which h „ „ * nMr ^ WhiC " SeCmi l"*™* 

W ™ P .^ns an inteLdil doub e ^ "7 ^ ""^ 
Mediate comprises a aense and an anriaen^ nu^ •! »UB. which 

branded nucleic acid aegmen, X. noTa^IZ I I *"* ^ ^ d °«>>'« 
- of X. is fusen to me 5- segment ^T^^ ~ ° f **• *e 3- 

Primer, which fusion primer has me nude^u^ ' «™» of XI and (if) a fusion 

'omej-endofmese^eshundofx. s^TTTa. ^ WWoh 

PBCa, said PPX, comment termed P^ " " ^ * "» ° f 
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(c) making and amplifying X1X2 by denaturing and annealing X1TJR and X2 to form 

4 A method fbr making apolynue.eo.ide (X lX 2) eompriaing two nneleodd. segnrenta of interea, 

11 7 ™ " X1X2 fa iramKBate,y 3> * ^ moile meludu,^ 

and .ha same or a drifcren, „„ cleic Kid molecufe jnclndi|]g J 

same moleoule, «hey are no. eontiguous, the memod eompriaing: 

comoriaea " T** ' *" ^ ~ ». whieh segment 

Zri AT -** ^ — ' "» 1 tot P*»- wmeh prinTse. 

(.) a forward prime, PFX1 , whWl hyhridfaes ^'emi of me amisense a^nd of XI aid 
(u)arevemepnme I ,P R x 1 , whichhybridl2estothe 3, endofthesenseshundofxi- 

intermedia, " " ^ DRX2, whieh 

mtome^e eompnses , sense ^ _ ^ ^ • 

end of X2 ,a fused «o me 3- segment of XI, with a third prime, ae^ whieh third primer so, uprises ffl 
• reverse pnmer, PRX2, whieh hybridizea «o the V end of me sen* strand 0 f X2 

amT^Tr Strmd ° f ^ " 5 ' ^ ^ ^ ~ — compLent of 

i-kai, said PRX1 complement tenned PRX1 '; and 

(c) making and amplifying X1X2 by denaturing and annealing X1UR and X2 to form 



L T r meth ? ° f daim 5 CharaCteriZ6d M said -id molecule is the genome of 

mammalian, preferably a human being. 



a 
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8. The method of claim 7 characterized in that said polynucleotide OC1X2* ene ^ c , 
-ving the activity of chorionic gonadotropin (CO), L^ e ZT^Z^ 
honnone (FSH) or thyroid stimulating hormone (TSH). stunulahng 

method according to any of claims 1-4. ynucieotide (X1X2) obtamed by the 

11- AnUcleicacid ^ 

12. A vector comprising the nucleic acid molecule of claim 1 1. 

13. Amammalianhostcelltransformedto expressthepolynucleotideof SEQIDNO: 22. 

14. A **P*t^ 

15. An oligonucleotide having the sequence set forth in SEQ ID NO: 11. 

16. An oligonucleotide having the sequence set forth in SEQ ID NO: 12. 

17. An oligonucleotide having the sequence set forth in SEQ ID NO: 13. 
18- An oligonucleotide having the sequence set forth in SEQ ID NO: 14. 
!9. A method for making a polvnucleotidp nrivo\ 
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(a) amplifying a. lem one fatermediate , 
S-p eonsraing of X1UR md DRX2 , wherein m fe , ofx2having ^^ 

nndeottdes and DR y scg-nen, of XI having a, .east ,2 nucieondes, in a po,^ " 
reactton using the following primer sets: polymerase charn 

strand of XI 1"!^ * tm "" i ^ ^ "> "» 3 ' - — » 

^o fm ecom^,emtrp^l^lTT 0fX, -^ Mite5 '^ by,hS 
f ui rr^i, said PFX2 complement termed PFX2'; and 

the seauence of th 31111861186 ° fX2 preceded at 5' end by 

the sequence of the complement of PRX1, said PRX1 complement termed PRX1- 

(b) forming Species A selected from the group of; 

mtermedia.isxi 86 " 8 ' ^ " ^ " to — ° f — - 

(ii) the sense strand of XI anneal^ 

intermediateisDRX2;and 1,86086 ^ ° f DRX2 where *■ ' 

(iii) the sense strand of X1TJR annealed to the antisense strand of DRX2 where th 
intermediate is X1UR and DRX2; <*no oi UKX2 where the 

(c) forming Species B selected from the group of: 

(i) the antisense strand of XI TIT? armM i,,j ♦„ * u 

. t A1UK annealed to the sense strand of 

uitermediate is X1TJR; OI ^ wnere » 

(ii) the antisense strand of XI annpoi^ f „ 

annealed to the sense strand of DRX2 i»h m rt,,, 
intermediate is DRX2; and wnere ™ 

—eisx^r^r " X1UR — 11,6 - ~ of DRX2 .here me 
- Xtxa. a. eaLLg iT.'SZ^ « ^7" ^ 
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20. A method for making a polynucleotide rxiYT. n~ • ■ 

interest, XI and X2, wherein X2 fa XlxT's LT d T\ ' ^ nUC,e ° tide Sefiments * 

including XI and the same or a different „,.,. • ^ ^ * **' *** * acid molec ^ 

originate on the same molecuL Z " ^ ^ * XI *^ 

molecule, they are not conhguous, the method comprising- 

-c«o„^ gtheMowingp ~ ^ * ,eaSf " »'P^ chain 

prx,, WUch * has - ~ e * • ~» 

~ of <h= ^^J^^T T — ° f X1 ' ~— by tho 

ffl) for dry? ™ complement tenned PFX2-; «,„ 

PKX2 , ^zrrr^™: ta - nucieoade * - ««- 

Oanneaun^.eaa.oneo^;^ 1 "——»««-. 
(1) the sense strand of X1UR atiH 

J ^ iUK and the antisense strand of TO? yo *~ <• « . 
Civ) the antisense strand of X1UR ^ a, ^ t0 fOTm Species A > 

M thf» * e S6nse strand °f X2 to form Species B- 

(v) the annsense strand of XI and the sense strand of DRX2 to f <= 
(iii) the antisense strand of X1UR an H * SpeC16S B; 311(1 

and X1UR ^ 1,16 sense ^and of DRX2 to form Species A; 

perfonned pred ~ d poi ~ 

- XIX,, and .tending JT."^^^^ 

possessmg both 5'-3* polymerase activity and 5' 3' Kn , * P ° Iymerase ^ 

acuvity and 5 -3 exonuclease activity to form X1X2. 

21. The method of claim 19 or 20 characterized fa that th, 

in the same nucleic acid molecule. X1 *» d *2 are both included 
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22. The method of claim 21 characterized in that said nucleic acid molecule is the genome of a 
mammalian, preferably a human being. 



22. 



The method of any of claims 18-21 characterized in that said polynucleotide (X1X2) encodes 



biologically active polypeptide. 



a 



23. The method of claim 22 characterized in that said polynucleotide (X1X2) encodes a 
polypeptide having the activity of chorionic gonadotropin (CG), luteinizing hormone (LH), follicle 
stimulating hormone (PSH) or thyroid stimulating hormone (TSH). 

24. The method of any of claims 18-21 characterized in that the segment XI encodes a signal 
sequence and X2 encodes a biologically active polypeptide. 

25. A method for manufacturing a recombinant protein encoded by the polynucleotide (X1X2) 
which comprises inserting in a suitable expression vector the polynucleotide (X1X2) obtained by the 
method according to any of claims 18-21. 



t 

i 
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ABSTRACT 



ligation of two or more non-contiguous pieces of DNA. " ^ 
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METHOD OP PRODUCING RECOMBINANT DNA MOLECULES 
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Bxon 1 OH) 



PFXI 



Bxon 2 fX7) 



PFX2 



H0- 



■OH 



HO- 



-OH 



PRX1 



PRX2 



Figure 1 



PFxr 



Figure 2 



2a 



PFXI 3C1UR 



— OH PGR ■ 

^ ► ———mi 



PRX1-PFX2* 



PRXI-PFX2' 

OR 



22 

PRX1'-PFX2 DRX2 
"" " ► p PRXP-PFX2 

h oZ oh ■ fCR » : ► 



I H O ——O H 

PRX2 n 

PRX2 



r ' , 



HO- 



METHOD OF PRODUCING RECOMBINANT DNA MOLECULES 
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XI UR 



■OH 



and 



HO- 



PFX1 



HO- 



X2 



-OH 



1 



and 



Denaturation and 
Annealing to form: 



PRX2 



Species A 



HO— 



-OH 



+ 

Species B 



*0H 



PRX2 

| Extension to synthesize: 
5'-3' polymerization by Taq of Species A to make: 



To which neither primer 
binds 



To which both primers 
bind 




And simultaneous 5»-3' polymerization and 5'-3 exonuclease activity 



PFX1 



by Taq to extend Species B as follows; 



HO- 



-OH 



PRX2 



PFXI 



HO- 



PFX1 



-OH 



PRX2 



X1X2 



Figure 3 



PRX2 
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